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1. Introduction 
Aging is perhaps better understood as a process of gradual change from birth to death, since 
there is no universally accepted definition of old age. Projections show dramatic increases in 
older population; approximately by 2030 there will be an estimated 8 million people who 
are 85 years or older [1-3]. Moreover, 25% of the population in USA will be age 65 years or 
older in 2050. The percentage over the age of 85 is expected to triple [4-7]. Europe has 
experienced the similar transition to an older population profile over the last century which 
reflects a world-wide demographic trend towards an ageing population. Department of 
Health reports that in Britain, the number of people aged over 65 years has doubled in the 
last 70 years and the number of people over 90 years is expected to double in the next 25 
years [8]. Similarly D'Astolfo et al state that older adults aged 65 plus, are the fastest 
growing segment of the Canadian population [9]. 
The European Union has identified the provision of health and social care for this 
population as a crucial challenge for the 21st century. In a shift away from merely extending 
life, ways of reducing morbidity and coping with disability, preventing incapacity, 
extending the quality of life and enhancing the functional independence of older people will 
be an important component of service provision [10,11]. Recent efforts have begun to 
concentrate on the predictors of successful aging, but age-based comparisons of the pain 
experience remain challenging due to the complexity and non-uniformity of the aging 
process [12]. Therefore, there is an urgent and growing need for interventions that are 
effective in decreasing pain, suffering, and pain-related disability in this group. 
2. Prevalence of pain in older adults 
Although chronic pain is a highly prevalent and often disabling condition among older 
adults, the prevalence in the elderly is not properly defined. Some studies suggest that fifty 
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percent of community dwelling adults aged 60 years or above have been found to experience 
pain and this number increases to 45–80% in the nursing home population with analgesics 
being used in 40% to 50% of residents [1,13-19]. Brown et al report higher percentage and state 
that more than 90% of the elderly living in the community experienced pain within the past 
month [6]. Given the prevalence of chronic pain, its impact on health, and its costs, which 
approach $100 billion annually, chronic pain represents a major public health issue [20].  
While the existence of acute pain remains approximately the same across the adult life span, 
there is an age-related increase in the prevalence of chronic pain at least until the seventh 
decade of life [13,15]. Approximately 57% of older adults report experiencing pain for 1 or 
more years compared with less than 45% of younger people. Furthermore, long-term care data 
indicate that over 40% of patients, who were known to have pain at an initial assessment, had 
worsening or severe pain at the time of the second assessment 2–6 months later [21]. 
3. Chronic musculoskeletal pain  
Chronic musculoskeletal pain (CMP) is the most common, non-malignant disabling 
condition that affects at least one in four older people [22,23]. The most musculoskeletal pain 
in the joints of the upper and lower extremities, especially hips, knees, and hands, is 
associated with the degenerative changes of osteoarthritis. Older adults may also develop 
tendonitis and bursitis, as well as inflammatory joint and muscle disease [24]. The most 
common painful musculoskeletal conditions among older adults are osteoarthritis, low back 
pain, fibromyalgia, chronic shoulder pain, knee pain, myofascial pain syndrome and 
previous fracture sites [7,23,25].  
It is reported that the most common causes of pain identified in nursing home patients 
included arthritis and previous fractures. Arthritis alone affects well over 20 million 
Americans with an increase to 40 million expected by 2020. Twenty-nine percent of Medicare 
patients in nursing homes with a fracture in the prior 6 months suffer with daily pain [13]. 
Also surgical procedures are more frequently performed on older people. In the Medicare 
population in the United States for example, rates of total joint replacement surgery for 
patients with severe hip or knee osteoarthritis are more than doubled between 1988 and 1997. 
Over the same time period, rates of spine surgery in Medicare patients increased by 57% [23]. 
Chronic low back pain (CLBP) is one of the most common, poorly understood, and potentially 
disabling chronic pain conditions in older adults [26]. Many older adults remain quite 
functional despite CLBP, and because age-related co-morbidities often exist independently of 
pain, the unique impact of CLBP is unknown [27]. The Framingham Study (1992-1993) 
reported 63% of women pain in one or more regions, compared to 52% of men. Widespread 
CMP was more prevalent among women than men (15 versus 5%, respectively) [28].  
Finding that CMP is linked with the subsequent development of severe mobility disability 
may have important public health implications for the rapidly aging population [29]. Among 
898 nondisabled community-dwelling older adults, it was found that the risk of disability 
increases with the number of areas reported with CMP [30]. The results of the another study 
indicated that more than 90% of the elderly living in the community experienced pain within 
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the past month, with 41% reporting discomforting, distressing, unbearable, or severe pain. 
CMP was found to be the most predominant pain, and inactivity was the most effective 
strategy used to lessen pain [6]. D'Astolfo et al emphasized that CMP is a significant burden on 
the Canadian health care system. It is considered the third most expensive disorder in terms of 
spent health care dollars, surpassed only by cancer and heart disease [9].  
4. Consequences of chronic musculoskeletal pain 
The impact of CMP is a cycle of disuse and inactivity. This cycle in turn leads to a further 
reduction in function, accompanying psychological effects and decreased quality of life 
[7,31]. Interrelated problems caused by the inadequate treatment of pain in older adults 
have been highlighted by several authors. Consequences of poorly managed CMP in this 
population may include fear of movement, decreased ambulation, functional decline, 
functional dependence, disability, impaired posture, risk of pressure sores, muscle atrophy, 
increased subsequent exacerbation of frailty. Older adults may also have impaired appetite, 
malnutrition, impairment of excretory functions (bowel and bladder) and impaired 
memory, the impairment of enjoyable recreational activities, impaired dressing and 
grooming, sleep disturbance, behavioral problems, social isolation, depression, anxiety and 
even suicidal thoughts [7,10,14-16]. Furthermore, depression, behavioral changes, and 
cognitive impairment can complicate therapy and make assessment more difficult. Pain-
induced decline in mobility and activity may further lead to increase the risk of trauma, 
particularly caused from falls [14]. 
Falls are one of the major causes of death among older adults and the most important cause 
of hospitalization and increased healthcare utilization and costs in this population [9]. CMP 
measured according to number of locations, severity, or pain interference with daily 
activities is associated with greater risk of falls in older adults [32-35]. Leveille et al 
conducted the population-based study. At baseline, 40% of participants reported 
polyarticular chronic pain, and another 24% reported chronic pain in only one joint area. A 
total of 1,029 falls were reported during 18 months of follow-up. The researchers found that 
patients who had chronic pain had higher rates of falls during follow-up than those who 
were pain-free [33]. In the another population based study, total of 605 participants aged 75 
years and older, CMP was reported by 48% of the participants, of whom majority had 
moderate to severe pain in lower extremities or back. The participants with moderate to 
severe pain had more than twice (odds ratio 2.33, 95% confidence interval 1.44-3.76) the risk 
for impaired balance compared with those without pain. The researchers came up with a 
conclusion that there was a direct relationship between the moderate to severe CMP and 
impaired postural balance [36].  
5. Ineffective management of chronic musculoskeletal pain in older 
adults 
In spite of high prevalence and consequences of CMP among older adults, there have been 
relatively few studies in older populations with pain. Studies have indicated that less than 
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1% of the thousands of papers published on pain focus on the aging society [13,17]. 
Therefore, health care professionals remain ineffective in assessing and treating pain. 
Improving the health care professionals’ knowledge and skills related to pain assessment in 
older adults and adopting aggressive approaches to comprehensive pain assessment are 
crucial to improve older adult’s quality of life [15,37]. The study conducted recently 
reported that although CLBP was a common and debilitating problem in older adults, 
primary care physicians did not feel "very confident" in their ability to diagnose any of the 
contributors of CLBP listed (most items <40%). The results point to a need for more primary 
care physician education about CLBP in older adults [38].  
Older people may not report pain, and nurses or caregivers may not enquire about it. Both 
older people and their caregivers can hold age related attitudes regarding pain and view 
pain as an expected consequence of the ageing process. Older adults may not report pain 
because they do not want to be a burden for their families and caregivers. It results mostly 
in lack of information by healthcare professionals about pain control of older people. 
Furthermore, extensive documentation requirement may deter health-care professionals 
from appropriately prescribing effective treatments [39,40]. Other factors such as inadequate 
reimbursement and financial incentives for pain management efforts, negative 
reinforcement in training programs for attending to pain while being rewarded for less 
important and more detailed interventions, lack of training for pain management skills, lack 
of recognition and interaction among various medical disciplines (and even among different 
pain groups), limited access to diagnostic or therapeutic facilities or experts, inadequate 
pharmacy services, insufficient staffing for proper pain assessment and interventions, 
inflexible access to medications based on formulary selections, and other restrictive policies 
may also contribute to failure in treatment of pain [4,40]. 
6. Management of chronic musculoskeletal pain in older adults 
Treatments for CMP are focused at decreasing pain, making it more tolerable and 
improving patients function. Considering the needs of individual older patients can better 
explain what their expectations are regarding pain treatment outcomes. Treating pain 
should be done individually as well as following some general principles. Multidisciplinary 
pain programs that combine several modes of pharmacological and non-pharmacological 
treatment have demonstrated efficacy for the management of chronic pain in older adults. 
However, those programs appear to be not being used effectively, because older patients are 
less likely to be offered this treatment in pain management clinics, and receive fewer 
treatment options when attending such clinics due to inadequate representation [12,41]. 
Pharmacological therapy for chronic musculoskeletal pain is the most effective when 
combined with non-pharmacological approaches: physical therapy (e.g., exercise program, 
TENS, application of heat or cold), psychological methods (e.g., relaxation, biofeedback, 
hypnosis, cognitive-behavioral therapy), educational programs, social interventions and 
complementary therapies (e.g., acupuncture) [14,16,37,41,]. In an older population, where 
the risk of adverse events is higher, the non-pharmacologic options will usually cost less and 
cause fewer side effects.  
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7. Pharmacological therapy 
Although the high risk for adverse drug reactions in the older adults, pharmacologic 
interventions remain the primary modality for treating CMP in the geriatric population [20]. 
The management of CMP in older patients mostly consists of opioids, non-opioids and 
adjuvant analgesics. 
Drug distribution usually is different in older patients as compared to younger patients 
because of changes in blood flow to organs, protein binding, and body composition that 
occur with aging [3]. In addition, many older adults continue to report substantial pain 
despite the regular use of analgesic medications. Polypharmacy, as well as inappropriate 
prescribing, for the older patients is a major problem and a challenge that contributes to 
costs, adverse drug events, confusion, compliance issues, and errors in management. [42-44] 
It is reported that CMP is one of the most common geriatric consultation and admission the 
hospital. Geriatric consultations increase the total number of medications and the cost of 
medications used by elderly patients. These restrictions have led to a need for effective non-
pharmacological interventions to manage CMP [42]. 
7.1. Nonopioids 
According to American Geriatric Society (AGS) nonopioids are generally the first line of 
therapy for mild to moderate or “tolerable” CMP [16,23,43]. Acetaminophen (APAP) and 
nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most common analgesics 
used to. APAP is usually the first choice because it is relatively safe for older people. It was 
reported that APAP treatment reduced pain behaviors associated with musculoskeletal pain 
in persons with dementia in community-dwelling [45,46]. Dosing of APAP should be 
limited to avoid liver toxicity, and topical analgesics are preferred for focal pain. The long-
term use of NSAIDs should be avoided when possible because of their high frequency of 
adverse effects; e.g., risks of gastrointestinal bleeding and renal dysfunction which are 
significantly higher in older adults than in the younger population. The newer 
cyclooxygenese-2 (COX)-2 inhibitor NSAIDs are believed to be associated with a lower side 
effect profile in older adults [41]. COX-2 inhibitor NSAIDs has been linked to an increased 
incidence of acute coronary syndrome, although there is evidence that cardiovascular-related 
adverse events are not limited to the selective COX-2 inhibitors. Additionally, chronic use of 
either APAP or NSAIDs has been associated to elevations in blood pressure [47]. 
Data was collected from 428 patients aged ≥50 years with non-inflammatory 
musculoskeletal pain during a consultation with their general practitioner (GP). In cases, 
where a prescription is issued, this is more strongly influenced by previous NSAID 
prescriptions than the patient's pain level. Researchers concluded that GPs mostly adopt an 
individualized approach to the treatment of musculoskeletal pain in older adults [48]. A 
survey of inpatients’ drug knowledge showed that 66–90% of older adults did not know 
which of several medicines contained APAP, and only 7% knew the maximum daily dose. 
Therefore close monitoring of pain medication use is necessary in older patients, 
particularly those with cognitive impairment. According to the 2009 guidelines for 
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pharmacologic management of persistent pain in older persons published by the AGS, 
NSAIDs should be used only with extreme caution in highly selected individuals once other 
safer therapies have failed. Absolute contraindications for NSAIDs use in older adults are 
chronic kidney disease, heart failure, and active peptic ulcer disease [16,46,49]. 
7.2. Opioids 
Worries connected to taking opioids and a reluctance to report pain have caused inefficient 
pain management with opioids in older patients. In reality, addiction risk with opioids is 
low (<0.1%) when analgesics are used for acute pain in patients who are not substance 
abusers [4]. Opioids are one of the pharmacologic classes recommended for treatment from 
moderate to severe pain in guidelines released in 2009 by the AGS. According to the AGS, 
opioids should be considered for patients who have pain related functional impairment or 
diminished quality of life due to pain [23,50].  
Within this population, short-acting opioids can be used in treatment of patients with 
intermittent pain, whereas sustained-release opioids should be given for continuous pain 
(with short-acting preparations available for breakthrough pain). Once total daily dose 
requirements have been determined, a long acting agent may be used. Sustained-released 
opioids should be used for the treatment of continuous pain while using short-acting 
preparations for breakthrough pain. Both morphine and oxycodone are commonly used and 
available in both short-acting and sustained-release preparations. For patients who may not 
be able to take oral preparations periodically, opioids are available as parenteral, sublingual 
(buprenorphine hydrochloride), suppository (oxymorphone hydrochloride), and 
transdermal (eg, fentanyl patch) products. Long-acting opioids should seldom be initiated in 
opioid-naive older patients [7,46]. 
Patient-controlled analgesia (PCA), whether using oral or parenteral agents, can be most 
beneficial in a cognitively intact population, with the likelihood of the best pain control in 
conjunction with the least amount of opioid needed to control musculoskeletal pain [4]. 
An oral long-acting agent such as morphine (the oral dose required is usually about 3 to 4 
times greater than the parenteral dose needed for the same duration) or oxycontin in 
conjunction with a similar short-acting agent can also be used. Some people will metabolize 
the medication more quickly, and if breakthrough pain occurs after 8 hours of adequate pain 
relief, therefore the solution would be to increase the frequency of dosing to every 8 hours 
from every 12 hours rather than to increase the 12-hour dosage. A controlled-release 
morphine or controlled-release oxycodone should never be prescribed more frequently than 
every 8 hours [4]. 
Meperidine hydrochloride should not be used because of the accumulation of a nephrotoxic 
metabolite. Benzodiazepines have also been used in the treatment of a variety of painful 
conditions, particularly muscle spasms related to pain crises. Transdermal fentanyl patches 
should generally be avoided as a first-line agent in older patients, because absorption is 
unpredictable, being affected by differences in body temperature and subcutaneous fat and 
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water in older patients as compared with younger adults studied in clinical trials [23]. 
Trescot et al reported that long-term effectiveness of 6 months or longer use of opioids is 
variable with evidence ranging from moderate for transdermal fentanyl and sustained-
release morphine with a Level II-2, to limited for oxycodone with a Level II-3, and 
indeterminate for hydrocodone and methadone with a Level III [51]. 
Although opioid therapies may have a lower risk for organ failure than other therapies, 
confusion, dizziness, nausea, sedation, constipation, impaired balance, falls and hip 
fractures, depression, and agitation are other potential related side effects that can affect this 
population in particular. Finally, older adults with CMP taking opioid analgesics should be 
reassessed for ongoing attainment of therapeutic goals, adverse effects, and safe and 
responsible medication use [46]. 
7.3. Adjuvant analgesics 
Adjuvant medications, while not classically categorized as analgesics, may be effective in 
treating certain CMP syndromes in older adults. Steroids, anticonvulsants, topical local 
anesthetics, and antidepressants are adjuvant agents. Depression/anxiety is often unnoticed 
in older patients and requires consideration when managing patients with pain [4,23,41]. 
The study of the relationship between depression and pain complaints in older patients has 
revealed that initial control of depression greatly facilitates pain management. If depression 
is not addressed aggressively, interventions to manage pain are unlikely to be successful [7]. 
Tertiary amines (e.g., amitriptyline, imipramine, trimipramine, doxepin, clomipramine, 
should be avoided in older patients because of greater anticholinergic side effects, including 
sedation, delirium, urinary retention, constipation, glaucoma exacerbation, and dizziness 
and, for amitriptyline, especially, the risk of cardiac arrhythmia. By contrast, secondary 
amines (nortriptyline, desipramine, protriptyline, amoxapine) tend to have better adverse 
event profiles in older patients [41]. 
Tramadol is another agent available to help control mild to moderate pain and, except in a 
substance-abuse population. It should have a low tolerance problem and may be beneficial 
in a variety of pain situations [23]. 
In about 90% of cases, additional adjuvant medications will be needed to control pain. 
Vitamin D is also likely to be helpful in some pain situations. Vitamin D and calcium have 
also been shown to decrease fracture rates, which are a source of pain themselves. Lower 
concentrations of 25(OH)D are associated with significant back pain in older women, but 
not men. Because vitamin D deficiency and CMP are fairly prevalent in older adults, these 
findings suggest it may be worthwhile to query older adults about their pain and screen 
older women with significant back pain for vitamin D deficiency [52]. Calcitonin has been 
shown in clinical trials to relieve pain associated with vertebral compression fractures. 
Topical agents are also available for site-specific pain. Also, topical treatments can be useful 
for patients who have difficulty swallowing pills and for patients taking multiple 
medications. The safety of topical lidocaine has been established as well. Topical capsaicin 
should be started at the lowest dose recommended. However the burning sensation 
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associated with capsaicin application during the chemical desensitization phase makes for 
poor tolerability; many older patients are not able to endure the treatment long enough to 
achieve therapeutic effects [4,41,50].  
Adverse drug reactions occur more than twice as frequently among older adults than 
younger ones and increase as the number of medications increases. On average, a 70-year-
old takes seven different medications. A high prevalence of medication errors in older 
adults results from accumulation of factors that contribute to medication errors in all age 
groups, such as polypharmacy, polymorbidity, enrollment in several disease-management 
programs, and fragmentation of care [53]. The essential approach to treating older adults is 
not necessarily to find a set number of medications and try to stay below it, but to find the 
right medication at the right dosage and for the shortest possible duration on a case-by-case 
basis. This individualized approach to treating patients will provide a much safer and more 
effective means of practicing and will improve patients' quality of life [54]. In general, as 
specific initial and titrating dosage regimens for the elderly are not readily available, the 
“start low and go slow” approach to drug prescribing in the elderly is particularly 
important as it applies to pain management (AGS 2002) [16,21,42].  
8. Non-pharmacological approaches 
8.1. Physical therapy 
Ideally, first-line interventions should directly address the source of pain in older adults 
with CMP. A comprehensive examination of the patient to identify impairments associated 
with the painful condition will direct those interventions. Physical therapy interventions 
reduce stress and correct malalignments of joint structures, correct muscle imbalances, and 
enhance the shock absorption capacity of tissue structures. Selection of appropriate 
treatments must include consideration of contraindications associated with the patient’s 
comorbid conditions (e.g., osteoporosis or osteopenia) [10,20,57]. 
Passive treatment modalities focused solely on temporarily decreasing pain symptoms (e.g., 
heat treatments, cryotherapy, transcutaneous electrical nerve stimulation [TENS]) should be 
used sparingly as part of the physical therapy intervention [1,2]. These modalities should be 
a means to an end, the end being decreasing pain to a sufficient extent to allow patients to 
participate in subsequent active treatments aimed at positively affecting functional abilities 
[20,50,55-57].  
8.1.1. Thermal agents 
Superficial heating agents (e.g. hot packs, warm hydrotherapy, paraffin, fluidotherapy and 
infrared) or deep heating agents (e.g. short-wave and microwave diathermy, and 
ultrasound) can be used to increase blood flow, membrane permeability, tissue extensibility 
and joint range of motion in ways that can contribute to decreasing pain. Heat and cold alter 
both peripheral and central nervous system excitability, and can thus serve as a means of 
modulating pain [20,58]. 
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Although thermal agents are frequently used in the physical therapy treatment of patients 
with pain, the literature on the effects of thermal agents on pain in older adults is limited. 
Thermal agents are commonly used in the self-management of chronic pain [55]. In a study 
of 235 (mean age of 82 years) community-dwelling adults, Acetaminophen, regular exercise, 
prayer, and heat and cold were the most frequently used pain management strategies (61%, 
58%, 53%, and 48%, respectively). 272 community-dwelling older adults aged 73 years or 
older reported hot and/or cold modalities (28%) as a pain-reduction strategy [59]. Chatap et 
al conducted a study to determine the effects of hyperbaric CO(2) cryotherapy in older 
adults with pain whose origin was usually musculoskeletal (80.3%). They found that the 
pain scores decreased significantly after four sessions, from 45mm to 13mm on visual analog 
scale (P<0.001) in those with chronic pain. They concluded that hyperbaric CO(2) 
cryotherapy is an innovative tool that should be incorporated within the non-
pharmacological armamentarium for achieving pain relief in older patients [60]. 
8.1.2. Manual therapy 
Although there is scant evidence on the use of joint mobilization and manipulation 
specifically for older adults, research has addressed the use of these treatments for knee and 
hip osteoarthritis (OA), conditions common in older adults [20]. A recent qualitative 
systematic review aimed to determine if manual therapy improves pain and/or physical 
function in people with hip or knee OA. Four RCTs were eligible for inclusion (280 subjects), 
three of which studied people with knee OA and one studied those with hip OA. There is 
silver level evidence that manual therapy is more effective than exercise for those with hip 
OA in the short and long-term. The researchers concluded that due to the small number of 
RCTs and patients, this evidence could be considered to be inconclusive regarding the 
benefit of manual therapy on pain and function for knee or hip OA [61]. 
A Cochrane systematic review concludes that manual therapy alone is insufficient in the 
management of persistent neck pain. However, there is strong evidence that either 
manipulation or mobilization combined with exercise is effective in reducing pain. This 
review also concluded that manual therapy with exercise improves function and the 
patients’ global perceived effect of treatment [62]. The Philadelphia Panel (2001) concluded 
that there were insufficient data for the general population to reach a conclusion about the 
effect of massage for low back pain, neck pain, and shoulder pain. A systematic review by 
Harris et al [63], determined that slow-stroke back massage and hand massage showed 
statistically significant improvements on physiological or psychological indicators of 
relaxation in older people. A limited number of studies on massage have been conducted 
exclusively with older individuals. Hawk et al compared the clinical outcomes of spinal 
manipulation and a non-manipulative mind-body approach (Bioenergetic Synchronization 
Technique) for patients with chronic musculoskeletal pain in older adults. They reported 
that for this particular group of patients, both groups demonstrated similar improvement 
scores on the Pain Disability Index [64]. 
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8.1.3. Protective and supportive devices  
Protective and supportive devices assist a decrease in pain and increase in function for 
patients with joint instability or malalignment. Therapeutic taping for patellar realignment 
is effective in reducing pain and improving function in patients with osteoarthritis of the 
knee. Recently introduced kinesiotaping method helps to increase blood circulation, 
decrease pain and relaxation on fascia, tendon and muscles regarding painful 
musculoskeletal conditions. Impact-absorbing shoes may help to relieve foot, ankle, knee 
and hip pain from osteoarthritis. Patients with metatarsalgia associated with rheumatoid 
arthritis experienced decreased pain using custom-fitted foot orthotics. Besides supportive 
and protective devices, ambulation devices like wheelchair, cane, crutch etc. can help to 
relieve stress from lower extremity especially during immobilization period after 
musculoskeletal injuries in older adult. Therefore appropriate device selection and 
measurements are important in order to improve efficiency. Decisions regarding the use of 
protective or supportive devices should therefore be individualized to the patient based on 
the information gained in the examination [20,57,58]. 
8.1.4. Transcutaneous electrical nerve stimulation  
Despite positive conclusions regarding the use of transcutaneous electrical nerve stimulation 
(TENS), methodological weaknesses of published studies limit the ability to conclusively 
support the use of TENS for chronic pain conditions in older adults. High-frequency TENS 
appears to be the most effective TENS application for postsurgical pain and can be used 
with modulating frequencies to control neurologic accommodation. A recent systematic 
review of TENS for persistent pain concluded that an insufficient number of high-quality 
randomized clinical trials existed to evaluate the use of TENS for the management of 
persistent pain. To date, only a small number of studies have been found that examined the 
effect of TENS exclusively with older adults [57,58]. 
Most recently, van Middelkoop M et al found no difference in effectiveness of TENS and 
sham TENS and no difference between TENS and active treatments. The data provided low 
quality evidence for TENS versus sham-TENS and very low quality evidence that 
percutaneous electrical nerve stimulation (PENS)/acupuncture is more effective than TENS 
for post-treatment and short-term pain relief [65]. They concluded that application of TENS 
attenuates blood pressure and vasoconstrictor responses during exercise and metaboreflex 
activation, associated with improved sympatho-vagal balance in healthy young and older 
individuals [66]. A recent study by Weiner et al provides some support for the use of 
percutaneous electrical nerve stimulation (PENS) for low back pain in older adults. Subjects 
randomized to PENS plus physical therapy intervention had significantly greater reductions 
in pain intensity measures at the end of the 6 weeks (P<.001). These pain reduction effects 
were maintained at 3-month follow-up [67]. 
In evidence-based meta analysis by Zhang W et al in 2008, authors search recommendations 
for the management of hip and knee osteoarthritis (OA). Recommendations cover the use of 
12 non-pharmacological modalities: education and self-management, regular telephone 
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contact, referral to a physical therapist, aerobic, muscle strengthening and water-based 
exercises, weight reduction, walking aids, knee braces, footwear and insoles, thermal 
modalities, TENS and acupuncture [68]. Same author groups made similar meta-analysis in 
2010 and reported that among non-pharmacological therapies, effect size for pain relief was 
unchanged for self-management, education, exercise and acupuncture. However, with new 
evidence the effect size for pain relief for weight reduction reached statistical significance [69]. 
8.2. Complementary and alternative therapies 
Complementary and alternative medicine is most often used to treat painful 
musculoskeletal conditions as well as conditions that are comorbid with pain in older adults 
as a holistic therapy. [70]. Molton et al researched the pain coping strategies among older, 
middle-aged, and younger adults living with CMP. They reported older adults report a 
wider range of frequently used strategies and significantly more frequent engagement in 
activity pacing, seeking social support, and use of coping self-statements than did younger 
or middle-aged adults [71]. Self-management programs for pain have particular relevance 
for the field of geriatric pain management [56,71]. Despite their documented efficacy in 
young to middle aged samples cognitive-behavioral and self-management pain therapies 
have been little-studied in elderly populations. A variety of self-management programs aim 
to enhance the ability of patients to successfully self manage their pain, using a variety of 
techniques [72,73]. The most common behavioral modes of therapy include self-regulation 
strategies such as relaxation, biofeedback, hypnosis, imagery, and meditation. Although 
there are variations among these approaches, they share some or all of the following 
components: 1) education about pain and its consequences; 2) relaxation skills training (e.g., 
progressive muscle relaxation); 3) cognitive coping skills training; 4) problem solving (e.g., 
addressing problems with homework exercises or goals that are proposed to be met after 
each class); and 5) communication skills training (e.g., how to talk to physicians or health 
care providers about pain). In pain management, self management therapy serves to focus a 
patient’s attention to exercise control in decreasing sympathetic arousal [37,74]. Besides 
patient education caregiver education is especially important for caring in the elderly. Both 
one-on-one as well as group programs can be effective [3,7].  
8.2.1. Cognitive-behavioral therapy 
The American Psychological Association recognizes cognitive-behavioral therapy (CBT) as 
an empirically supported intervention in management of chronic musculoskeletal pain; 
including rheumatoid arthritis, osteoarthritis, fibromyalgia, and low back pain. Its 
foundation is the gate control theory integrating the sensory, affective, and cognitive 
components of pain. Cognitive processes are thoughts, self-statements, or evaluations about 
the pain and beliefs, interpretations, or attributions regarding this condition [37,75]. 10-
session psychosocial (i.e. cognitive behavioral orientation) pain management program that 
was specifically designed for older adults was used in ninety-five community dwelling 
seniors with at least one chronic musculoskeletal pain condition. Although decreases in pain 
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intensity were observed in both the treatment and wait-list control groups, the intervention 
was found to result in fewer maladaptive beliefs about pain and greater use of relaxation, 
which is considered to be an adaptive coping strategy [76]. Beissner et al reported if physical 
therapists incorporate CBT techniques (eg, relaxation, activity pacing) when treating older 
patients with chronic pain. Commonly used CBT interventions included activity pacing and 
pleasurable activity scheduling [75]. 
8.2.2. Mind-body therapies 
The National Center for Complementary and Alternative Medicine defines mind–body 
medicine in the following way: Mind-body medicine focuses on the interactions among the 
brain, mind, body, and behavior, and the powerful ways in which emotional, mental, social, 
spiritual, and behavioral factors can directly affect health. It regards as a fundamental 
approach that respects and enhances each person’s capacity for self-knowledge and self-
care, and it emphasizes techniques that are grounded in this approach [72]. Morone et al 
conducted a structured review of eight mind–body interventions: biofeedback, progressive 
muscle relaxation, meditation, guided imagery, hypnosis, tai chi (TC), qi gong, and yoga for 
older adults with chronic nonmalignant pain. He reported that there is some support for the 
efficacy of progressive muscle relaxation plus guided imagery for osteoarthritis pain. There 
is limited support for meditation and TC for improving function or coping in older adults 
with low back pain or osteoarthritis. TC, yoga, hypnosis, and progressive muscle relaxation 
were significantly associated with pain reduction in these studies [72].  
It is reported that prevalent coping strategies included analgesic medications (78%), exercise 
(35%), cognitive methods (37%), religious activities (21%), and activity restriction (20%) for 
older adults with chronic pain due to a musculoskeletal cause [77]. Reid et al suggested in 
their review (N = 27) that a broad range of self-management programs (yoga, massage 
therapy, TC, and music therapy) may provide benefits for older adults with CMP 
highlighting the need for research to establish the efficacy of the programs in different age 
and ethnic groups of older adults and identify strategies that maximize program reach long-
term participation [74]. 
8.2.3. Biologically based therapies 
Biologically based therapies, one of the major categories of complementary and alternative 
therapies, according to the federal National Institutes of Health (NIH), involve 
supplementing a person’s normal diet with additional extracts, nutrients, herbs and/or 
certain foods. Among older adults, glucosamine sulfate and chondroitin sulfate are popular 
supplements used for the treatment of osteoarthritis and are among the most well studied 
biologic alternative medicines. Glucosamine and chondroitin are components of the 
extracellular matrix of articular cartilage; glucosamine is a substrate required to synthesize 
glycoproteins and glycosaminoglycans, components of synovial fluid, ligaments, and other 
cartilaginous joint structures, and chondroitin is a glycosaminoglycan that functions as a 
building block for joint matrix structure. Another commonly used biological agent for 
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arthritis is S-adenosyl L-methionine (SAMe). This is a synthetic version of a naturally 
occurring coenzyme that is produced by the liver from methionine SAMe has been 
attributed with analgesic and antiinflammatory properties, and can stimulate articular 
growth [50]. 
8.3. Exercise  
In recent years exercise, which is one of the non-pharmacological approaches, is getting the 
most important component of CMP management. Regular exercise, interventions to increase 
physical activity, strengthening the muscles, accompanied with weight loss are effective 
methods in the management of CMP such as OA, low back pain etc. in older adults. Regular 
moderate level exercise training or increased physical activity does not aggravate pain and 
joint symptoms as expected in OA according to RCTs and elicit significant health benefits. 
But pain, swelling, fatigue and weakness during activity or lasting more than 1-2 hours after 
exercise should be always considered as sign of excessive stress. Any activity that worsens 
pain or the other symptoms, and in acute flare-up periods of rheumatoid arthritis should be 
discontinued [78,79].  
The most studied CMP among older adults in literature belongs to knee OA. High and low-
intensity aerobic exercises are equally effective in improving pain in persons with knee OA 
[80]. Specifically, aerobic exercise, water-based (aquatic) and land-based exercises, aerobic 
walking, quadriceps strengthening, and resistance exercise, physiotherapy-based exercise 
modalities reduce knee pain in older adults [80-84]. But a recent systematic review states 
that there are few RCTs recommending the use of exercise in reducing pain related to hip 
and knee OA and the content, duration and frequency of the exercise sessions is very 
heterogeneous [85].  
8.3.1. Benefits of exercise in chronic musculoskeletal pain 
Regular exercise also as an important adjunct to other interventions (e.g. thermal agents, 
patient education, etc.) is the most frequently preferred pain management strategies after 
medication in some older adult populations [55,58].  
Various forms of exercise can modulate pain either directly or indirectly. Passive or active 
exercise has a direct effect on pain through increasing input from joint mechanoreceptors. 
Indirect effects of exercise on pain may be related to increased blood flow, decreased edema, 
inhibition of muscle spasm, enhanced ROM, flexibility, strength and weight loss which may 
improve biomechanical factors and decrease joint stress, and provide [58,81,86,87]. 
Improved sleep, enhanced mood, relaxation, reduction in anxiety and general well-being 
following regular exercise also can alter pain sensitivity positively in same way. After a 
single exercise session pain tolerance increases significantly [58,88]. 
Another benefit of exercise is its effect on risk of falling among older adults with CMP. 
Older adults with CMP are at increased risk of falling because of pain related muscle 
weakness, increased body sway and impaired balance [33,89,90]. Primarily strengthening 
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program and physical agents as an adjunct are recommended for joint pain management 
among this population [90]. The most effective physical therapy approach for the prevention 
of falls is a combination of balance and strength training [91] in addition to aerobic training 
such as walking, aerobic dance, circuit training, aquatics and active lifestyle [92]. RCTs are 
needed to learn whether pain reduction with exercise could affect fall risk in older adults 
with CMP. 
8.3.2. Types of exercise used in chronic musculoskeletal pain  
An exercise program should address primer functional problems and impairments (pain, 
limited joint range of motion, muscle weakness) for functional independence. After relieving 
from these impairments or reducing them exercise program can begin [78]. A physical 
therapist has the primary responsibility to plan an exercise program accommodating pain or 
other disabilities [93]. Flexibility, strength and aerobic endurance are the basic components 
for exercise programs aiming to control pain. Time needed for adaptation to exercise stress 
may be 2 to 3 months for older arthritic adults with low physical capacity [78].  
Exercise sessions should have three phases: The first phase, a warm-up period lasting 5-10 
minutes, involves repetitive low-intensity range-of-motion exercises. The second phase, the 
training period, includes range of motion, strength, or aerobic capacity exercises, or a 
combination of these. The final phase, cool-down period lasting 5 minutes, involves 
flexibility exercises [78,94]. In addition the time of the exercise during the day can change 
according to the chronic condition. Older adults with OA better perform exercise in the 
morning, whereas older adults with rheumatoid arthritis may be better several hours after 
awakening. Low-impact, non-weight-bearing exercises and exercise machines distributing 
the load to all limbs usually recommended for artritic patients [79]. 
8.3.3. Flexibility exercises  
Flexibility exercise should begin at the beginning of an exercise program during the warm-
up, preferably cool-down period. Static stretching is recommended during cool down 
period for the osteoartritic older adults at as full as possible pain-free range for the greatest 
improvements [95]. Stretching exercises must be modified when the joint is inflamed or 
painful. Painful joints should not be over stretched and superficial heat application, 
relaxation prior to stretching helps reduce pain [78]. Older adults tend to have some 
movement patterns and positioning, which causes joint movement limitation resulting in 
painful movement patterns. Consideration of the potential for future painful conditions also 
should be treated by stretching [96]. 
Stretching exercises should be performed at least 3 times per week or daily if the pain and 
stiffness are minimal or must be modified when the joint is inflamed or painful. The 
progression should be gradual from one stretching to 4-10 repetitions for each major muscle 
group. The stretch position should be hold 10-30 seconds. [78]. Effective stretching exercises 
require longer holding times with increasing age and loss of extensibility, so if there is no pain, 
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60 seconds is necessary for older adults to achieve a long-term effect. Four repetitions of a 60-
second hold performed regularly, 5 to 7 days a week, appear to be most effective [96].  
8.3.4. Aerobic exercises 
Aerobic exercise programs aiming improvement in strength and proprioception reduce pain 
in OA patients. Examples of aerobic exercise are bicycling (stationary bike, recumbent-type 
bike etc.), walking, dance, Tai-Chi and aquatic exercises such as swimming, Ai-Chi etc. 
Daily activities and some hobbies like walking the dog, mowing the lawn or playing golf, 
are also considered as aerobic exercise [78,92]. To prevent overuse of specific joints and to 
elicit long-term participation, activity selection for aerobic exercise is important and 
depends on the patient’s current disease state, joint stability, opportunities, individual’s 
preference and abilities [96]. 
There are few studies addressing effect of aerobic exercise on CMP in older adults [97, 98]. A 
14-year prospective longitudinal study showed that regular aerobic exercise over the long 
period in physically active seniors was associated with about 25% less CMP than reported 
by more sedentary ones [97].  
The aerobic exercise intensity should range between 50%-60% of HRmax (220 - age in years), 
10-12 point in rating of perceived exertion (an ordinal scale, 6 to 20), or be positive on the 
“talk test” [78]. The talk test represents the ability to engage in a conversation during 
exercise. When the exerciser reaches an intensity at which he or she can “just barely respond 
in conversation,” the intensity is considered to be safe and appropriate for cardiovascular 
adaptation [96]. The initial intensity may be 9-11 point in rating of perceived exertion for 
frail and sedentary older adults [92]. A 2.5% increase in the intensity or volume weekly is 
appropriate for adaptation and prevention of musculoskeletal injuries among arthritic older 
adults [78].  
The ideal volume for the beginner is 20 to 30 minutes per day but for sedentary, frailer or 
more deconditioned older adults, it would be easier to begin with one to five exercise bouts 
of 3-5 minutes in a day and gradually reach to ideal length. Totally 60 and 90 minutes of 
moderate level physical activity during a week is recommended by the ACSM (American 
Colleges of Sports Medicine) [78,92]. 
The initial frequency of exercise training is recommended 3 [78,92] and later maximum 4 
days a week in order not to cause injury according to ACSM [78]. 
8.3.5. Strengthening exercise 
Joint pain can limit older adults from contracting multiple muscles to provide a 
cardiovascular stimulus during aerobic exercise and causes muscle weakness. In those cases 
and for frail older adults, it is sensible to add aerobic activity following strengthening and 
balance exercise to stabilize or support the joint and decrease pain followed by functional 
improvement [15,82,83,92,96]. Both high and low intensity resistive training significantly 
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reduces pain [99]. A Cochrane systematic review showed that there was evidence for 
modest reduction in pain following progressive resistive training. It is also reported that 
there was no significant difference in reducing pain between progressive resistive training 
with functional, aerobic and flexibility training [100,101]. 
Because low articular pressures during isometric contractions can be well tolerated, 
isometric strengthening with a few repetition should be given if the joints are inflamed, 
unstable, swollen, painful or if it is initial phase of strengthening program [78,79]. Isometric 
strength training should target the major muscle groups. The intensity should gradually 
increase to 75% from approximately 30% of the maximal voluntary contraction; the number 
of repetitions to 8-10 from one; number of sessions to 5-10 from 2 times throughout the day. 
During a contraction held for maximum 6 seconds (20 seconds resting between 
contractions), older adults should keep on breathing. Contractions should be performed at 
different muscle lengths or joint angles, too [78]. As soon as possible, when it is tolerated, 
isotonic training involving 8-10 major muscle groups should begin to improve overall 
function maximum of 2 days a week. The intensity should gradually increase to 80% from 
40% of 1RM (repetition maximum) for adaptation [78]. 1RM is the weight a person can lift 
one time with good form. The ACSM recommends no more than three trials with a 30- to 60-
second rest between trials to find out the most accurate 1 RM, but older adults may have a 
better response with a multiple RM of 6 to 10 because they need experience to learn to 
generate that type of force. Elastic bands or tubing, cuff and hand weights, barbells, 
dumbbells, hand-held blades, fixed weights, medicine and stability balls etc. can be used as 
equipment [96,102].  
For safety reasons, older adults especially those with cardiovascular problems adults should 
not perform more than two to three sets of a given exercise and repetition number must be 
carefully determined. For muscular endurance sets of 12-15 repetitions with lighter 
resistances, for strength development 8-12 repetitions with higher resistance should be used 
[78]. 
Another option for exercise is stabilization exercises, which target co-activation of specific 
muscles and provide joint stability based on the spine [103]. Increased strength and cross-
sectional area of the vertebral muscles reduces CLBP by maintaining muscle balance [102]. 
8.3.6. Tai-Chi 
Tai-Chi [TC], shortly defined as a traditional Chinese mind-body exercise, has recently 
become popular worldwide because more people with musculoskeletal problems are 
looking for complementary and alternative treatments [104,105]. TC gives emphasis to 
diaphragmatic breath, relaxation and composed of slow, gentle, smooth, harmonic and 
coordinated movements of different body parts, and weight shifting [104,106]. TC involves 
routines or “forms” ranging from the classic 109 postures to as few as 42 and now has 
multiple styles modified from the original form. In addition to physical benefits, the focus 
required to complete these routines elicits mental and cognitive benefits [96].  
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TC is a moderate-intensity exercise, so it is suitable for physically frail older adults. Besides 
reducing the pain, people practice TC for also improving physical condition, muscle 
strength, coordination, flexibility, balance, decreasing risk for falls, stiffness, fatigue, 
improving sleep, cardiovascular and respiratory function, mood, depression, anxiety, self-
efficacy, health-related quality of life and overall wellness in both eastern and western 
populations [103,104,106,107]. The therapeutic benefits of TC for chronic conditions have 
been showed in researches recently. 
TC is common in older adults especially those with OA, because it is shown to improve pain 
[103,108], although it is stated that the methodological quality of TC research is generally 
less than strength and aerobic training research [84]. The physical component of TC 
provides current recommendations for OA (strength, balance, flexibility, and aerobic 
cardiovascular exercise) and the mental component could contribute to chronic pain 
reduction by modulating complex factors of OA pain [104]. 
Significant pain-relieving effect is shown especially at knee rather than other joints like 
in the upper extremities where less weight-carrying activity involved in TC [109-111]. It 
is believed that weight-carrying TC footwork provides pain-relieving effects on knee OA 
[106]. TC also showed no significant difference in pain reduction of older adults with 
knee and hip OA compared to hydrotherapy, where there is less knee joint stress than 
TC [112]. 
A systematic review and meta-analysis suggested that TC had a small positive effect on pain 
in people with arthritis and the extent to which it benefits other forms of CMP is unclear but 
the review also reported that the studies included were low-quality [108]. However a more 
recent study indicates that water- or land-based exercise, aerobic walking, quadriceps 
strengthening, resistance exercise, and TC reduce pain and disability from knee OA with 
evidence rating of A category [80].  
There is another discussion about TC that if its benefit increases when combined with the 
other exercise types or not. Yip YB et al showed that self-management exercise program 
including stretching, walking, and TC types of movement, had positive effect in reducing 
pain [113] but a recent systematic review concluded that TC based exercise programs 
elicited better outcomes than mixed ones but without clear differences [85].  
Among different TC styles (Chen, Yang, Wu styles…ect.) the “Sun” style is the most studied 
one. Sun style TC requires higher stance with bending knees less than other types, so it is 
more comfortable. In fact in all styles the patient can prefer high or low stance [106]. Song R 
et al reported that a Sun-style TC exercise could be applied to OA patients in outpatient 
clinics or public health centers if they are not in acute inflammatory stage to reduce arthritic 
symptoms [114]. Simplified Yang-style TC is also shown to be effective in osteoartritic knee 
pain [115,116]. 
Beside osteoartritis, benefits of TC have been found in some other musculoskeletal problems 
such as fibromyalgia [6], rheumatoid arthritis [117] and nonspecific CLBP [118].  
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8.3.7. Aquatic exercise  
Aquatic exercise is another good option for the treatment of musculoskeketal problems 
because water is a safe exercise environment and its temperature provides analgesia for 
painful muscles and joints [78,119]. The water temperature is recommended between 85 and 
90 Fahrenheit (29-32 Celsius) for artritic older adults [79]. 
The buoyancy of water causes less impact or compressive forces on the joints and therefore 
allows pain-free motion without the biomechanical stress experienced on land [119]. Older 
adults with OA or history of surgery may benefit from aquatic exercise. Water resistance can 
be used for strengthening to progress to land-based exercise among older adults with 
arthritis. Moreover aquatic exercise, usually practiced with a group, motivates practitioners 
[78,96]. It is reported that among older adults class attendance is higher for hydrotherapy 
compared with TC [112] because it provides a playful environment, many social and 
psychological benefits for them [119]. It also should be considered that heart rate is lower 
than heart rates when performing at the same level of oxygen consumption on land. 
“Aquatic heart rate reduction” should be included in the formula while determining target 
heart rate or it is sensible to use rating of perceived exertion when determining aquatic 
exercise intensity [96,119]. 
8.3.8. Exercise adherence in older adults with chronic musculoskeletal pain  
Chronic pain has been found to be associated with difficulty in exercising regularly [120]. 
Motivation has a key role for older adults to participate in exercise willingly. Older adults’ 
outcome and self-efficacy expectations, negative sensations associated with physical activity, 
such as fear of pain especially back pain or falling influence motivation to engage in 
physical activities [121]. These negative sensations and related beliefs must be eliminated 
through facilitating appropriate use of pain medications before exercise or alternative 
measures such as heat/ice before or after exercise to relieve activity related pain, use of 
braces or straps, or isolating the damaged joint during exercise. Additionally positive 
reinforcement and self-management interventions including explaining to older adults how 
exercise will help reduce pain, cognitive-behavioral therapy, relaxation and distraction 
techniques and graded exposure to overcome fear of falling or pain can improve 
participation to exercise among older adults with arthritic pain. Even pain should be 
minimized in every way possible, the older adult may have to learn to tolerate some pain or 
discomfort [73,79,86,121]. 
The use of supervised exercise sessions such as classes in the initial exercise period followed 
by home exercises and calling patients back for intermittent consultations, or “refresher” 
group exercise classes may also assist long-term adherence [83]. Generally older adults are 
interested in self-managing their chronic pain but can’t find opportunity. Austrian et al 
indicated that 73% of the 68 patients (70 years of age and over with chronic pain) included in 
his study were willing to participate in an exercise program for pain management but 16% 
of them had this opportunity [40]. 
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Most types of exercise with some evidence are frequently preferred for pain management in 
older adult populations with CMP especially for arthritis, mostly knee OA, and secondly 
CLBP. Exercise content, time and frequency are very heterogeneous in RCTs, so it is hard to 
determine the best exercise structure. At that point individualized approach to exercise 
prescription is required.  
9. Conclusion 
Because aging is an extremely variable process, older adults require more individualized 
management than younger individuals. Treatment decisions should weigh the risks of pain 
with the risks of treatment. In order to provide the most efficient and safest therapy 
approach in the older adults with musculoskeletal pain, the identification and frequent re-
evaluation of the cause of the chronic pain and the impact on the patient's general medical 
state are crucial. 
The high cost and adverse side effect profiles associated with many analgesic treatments, as 
well as the potential for drug-drug interactions, operate as significant barriers to the use of 
standard pharmacologic treatments in older adults [19,74]. Based on studies conducted to 
date, combined pharmacologic and non- pharmacologic therapies give the best results for 
pain relief. Regardless, alternative or complementary medical interventions should be 
recognized as options for older adults with chronic musculoskeletal pain [4,56]. While some 
studies have demonstrated that integrating complementary medicine into the care of older 
patients can yield promising results. Additionally, some of the challenges encountered with 
conventional pain management of older adults can be ameliorated by integrating 
complementary and alternative medicine approaches [56]. 
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